The confined-reinforced earth (CRE) method was introduced in subgrade layer beneath a road pavement to reduce differential settlement between bridges or culverts and their approaches that is caused by large earthquakes. This method consists of granular material, geogrid layers and confining tie rods. In this study, the effect of the thickness of a pavement, which was simulated as overburden, on the CRE under differential settlement condition was investigated. The CRE was made on a fixed plate, which was simulated an abutment of a bridge, and a moveable plate, which was considered as an embankment to simulate settlement. The overburdens of 1, 2 and 4 kPa on the CRE were performed. It was found that the surface settlement distribution of the CRE and tensile strain in the geogrids increased with increasing overburden.
Introduction
Previous studies have found that differential settlement between bridge abutments or culverts and approaches are commonly caused by large earthquakes. Large deformations and significant differential settlement occurred during liquefaction of the foundation, resulting in cracking, settlement, lateral spreading and slumping (Tani 1) , 1996; Abdel-Haq and Hryciw 2) , 1998; Maharjan and Takahashi 3) , 2014). Consequently, vehicles cannot pass the unevenness created by the earthquake. Geosynthetic reinforced soil has been widely used to mitigate such damage from earthquakes because of its high seismic resistance (Tatsuoka et al. 4) , 1998; Koseki 5) , 2012; Kuwano et al. 6) , 2014). Moreover, reinforced-soil structure was used to reduce differential settlement effectively (Monley and Wu 7) , 1993; Poorooshasb 8) , 2002). The confined-reinforced earth (CRE) method, has been proposed to make it possible for emergency vehicles to pass road surfaces roughened by seismic events. The CRE method employs geogrid layers, confining steel tie rods, and granular soil, in the subgrade layer beneath a road pavement. In this method, reinforced soil is confined by confining tie rods as shown in Fig. 1 .
A full-scale field test has previously been carried out to compare the behavior of road structures prepared using the CRE method and a conventional method (without using geosynthetics) due to differential settlement of 550 mm. The results of the trials with the two methods have shown that the road with CRE would allow a vehicle to pass while the other would not, because of a significant crack in the pavement (Ohta et al. 10) , 2013). Kuwano et al. 9) (2013) have also proved that the CRE method effectively improved the stiffness of the subgrade layer and reduced differential settlement of the road pavement. This is because the confining tie rods increased the stiffness of the soil mass. Prestress was applied to the tie rods to improve the integrity of reinforced soil and enhanced its stiffness (Tatsuoka et al. 11) , 1997; Uchimura et al. 12) , 2003). As a result, deformation due to differential settlement or traffic load was reduced (Shinoda et al. 13) , 2003).
In practice, CRE is applied to a subgrade to strengthen its layer, beneath the pavement of a road. However, the effect of the overburden pressure from a road pavement on the behavior of the CRE has not been studied. This study investigated the effect of a road of the CRE. The thickness of the road pavement was changed to simulate different overburdens. In this study, the overburdens of 1, 2, and 4 kPa were used to investigate on the behavior of the CRE.
The surface settlement under the different overburdens was measured as an indication of the deformation of a road. The distributions of the strains in the geogrids, the forces in the tie rods were compared and 
(2) Model test
A previous study has shown that the deformation of the CRE by differential settlement is strongly affected by its geogrid length and the performance of CRE with longer geogrid is better than that with shorter geogrid, i.e., smaller CRE deformation was seen in the case of long geogrid (Hung et al. 15) , 2017). Therefore, a long geogrid was used for this study. However, if the length of geogrid of a model is too long, it is difficult to conduct the test in a laboratory where the space is often limited. To solve this problem, long reinforced soil was divided into two parts, one part was constructed in a soil box and the other part was outside the soil box to be simulated a pullout resistance of the embedded geogrids as shown in Fig. 2 .
The pullout resistance, which was connected to the geogrid at the boundary of the soil box, was simulated by a system applied at the boundary of the CRE at one side of the soil box. The resistance was connected to the geogrid in series. The friction at the soil-geogrid interfaces was modeled using the Coulomb friction law (Villard & Briancon 16) , 2008), as shown in Fig. 3 . To simulate this friction law, the system consisted of springs and belloframs (air cylinders) that were connected in series (Fig. 4) . In this study, the embedded geogrid length (out of the soil box), LR, was 0.81 m, which was considered as a model of the CRE with long geogrid length that is recommended in practice (Hung 17) , 2017).
The model test setup is shown in Fig. 5 . The reinforced soil was constructed in a soil box with inner dimensions of 1200 mm x 400 mm x 800 mm (length x width x height). The composite layer was supported by two plates at the bottom, Plate 1 and Plate 2. Plate 1 was fixed on a frame to simulate an abutment of a bridge or a culvert while the other plate was supported by jacks so that it could move down to simulate the settlement of an embankment beneath the pavement. Four geogrid layers (G1, G2, G3, and G4) and three sand layers with a thickness of 95 mm were constructed. The total thickness of the CRE was 300 mm. The lowest layer was placed directly onto the plates. The tensile strains were measured on the geogrid layers G1, G2, G3, and G4 at (A) 300 mm, (B) 500 mm, (C) 700 mm and (D) 900 mm from the left to the right of the geogrids in the soil box in Fig. 4a . Two strain gauges were attached in pairs on both sides of each measuring point, i.e., on the upper and lower surfaces of the geogrid. The tie rods were set with spacing of 400 mm in the longitudinal direction and 200 mm in the transversal direction. They were placed at 200 mm, 600 mm and 1000 mm from the left to right of the soil box. Overburdens on the CRE to simulate weight of a pavement were 1, 2, and 4 kPa. Therefore, the overburdens on the geogrids (G1-4) were 4, 5.5, 7, and 8.5 kPa, respectively and the weight of each sand layer was 1.5 kPa. These values were smaller than those used in the field because the CRE model in the laboratory was smaller. It should be noted that in order to keep the sand from leaking when the CRE deformed, the sand layers were wrapped by a thin low strength geotextile. The pullout tests were carried out to determine the pullout resistance in the soil box, of which the dimensions are 300 x 202 x 400 mm (width x height x length). The overburden air pressures of the pullout test were 12.5, 18.5, 30, and 40 kPa. These overburdens were larger than that of the CRE model, because larger overburdens were required to carry out to determine the relationship between the pullout resistance at the plastic state and the overburden, so that the plastic components can be estimated corresponding to the overburden of the model test. The pullout resistance result is shown in Fig.  6 . The behavior of the Coulomb friction law consists of initial elastic and plastic response. Stiffness modulus in the elastic response in this study was E50, , which is the modulus at 50% of the peak strength and commonly used in practice, was estimated for each test. The plastic component was determined based on the balance of energy, of which friction energy = pullout resistance × displacement must be the same in the model and reality. An example to determine the initial elastic and the plastic response for the overburden of 12.5 kPa is indicated in Fig. 6 . The elasticity for each overburden was different. However, for simplicity, in the model, an elastic was estimated average for all overburden. The average elastic component, k, was 6.5 kN/mm. This value was so large and not available in the market. Noting that the loaddisplacement of a geogrid depends on the length of geogrid and overburden (Moraci & Recalcati 18) , 2006). Therefore, it changes depending on specific conditions. In this study, the spring constant taken for the system was 0.62 kN/mm. The plasticity for the overburden in the model (4.0 to 8.5 kPa) was determined based on the 
(3) Test procedures
Three cases with different overburden were carried out as shown in Table 1 . In this study, the length of reinforced soil, LR, which was outside the soil box, was 0.81 m. This length was considered long, as indicated by Hung 19) (2017) in the tests with the same conditions. Long geogrid was recommended in practice because its performance is better with shorter geogrid as in his study. The detailed description of the experimental procedure is as follows. In the first step, the lowest geogrid layer (G4) with both ends held by clamps and six tie rods, R1, R2, R3, R4, R5 and R6 were placed on the bottom plates, Plate 1 and 2. Next, the sand layers were prepared following the air pluviation technique as proposed by Miura & Toki 20) (1982) . The sand was poured from a height ranged between 25 cm and 55 cm using multiple sieve layers to maintain a constant relative density of 80% (dense sand), and leveled. It is noted that the effect of sand drop height is very small (Miura & Toki 20) 1982). The other geogrid layers (G3, G2, and G1) and upper sand layers were prepared in a similar way. After the placement of the top geogrid (G1), the clamps to hold the geogrids were connected to the left side of the soil box through pulleys, and connected to the springs of the system at right side.
The tie rods were then preloaded to 3 kN, a pressure high enough for effective CRE, but still well below failure level (Tatsuoka et al. 10) , 1997). The allowable stress, qa, on the soil (dense sand) is based on the ultimate bearing capacity of soil, qu, as proposed by Terzaghi Allowable stress is qa=qu/FS, in which FS is the safety factor, from 3 to 4. Therefore, qa=qu/FS=1737/3.5=496 kN/m 2 . The pressure on sand can be roughly calculated as force/area of a plate of tie rod=3/(0.1*0.1)= 300 kN/m 2 . In the case of reinforced soil, the bearing capacity is large compared to that of unreinforced soil (Patra et al. 22) , 2005). Therefore, this pressure is low enough and acceptable. Then, overburden was applied. In the last step, Plate 2 was lowered by jacks to induce differential settlement, Sv, with respect to Plate 1. Plate 2 in Case 1 was lowered until it was detached from the CRE layer, the settlement of Plate 2 in Case 2 and 3 was same as Case 1, to compare their behavior. The deformation of the CRE surface was measured manually. The strains of the geogrid, reaction at the left side of the soil box and force in the tie rods, which were measured by strain gauges and load cells, were recorded by the data recorder during the tests.
Results and discussion
(1) Deformation A typical deformation of three cases is shown in Fig. 8 which indicates the deformation of Case 3 at 7 cm. This settlement was applied for all cases to analyze. It can be seen from the figures that the deformation mode caused the rotation of the CRE can be observed through the rotation of the tie rods. The rotation of the middle tie rods, R3 and R4 was the maximum, 1.37 0 , while the minimum was seen at R1 and R2, 0.44 0 , which were on the fixed plate, Plate 1.
The effect of the overburden on the CRE on their deformations was investigated using the surface settlement distribution. Fig. 9 shows that the surface settlements distribution of the cases with overburdens of 1 and 2 kPa were similar because the overburdens were only slightly different and were much smaller than that of the case with overburden of 4 kPa. This means that the surface settlement increased with larger overburden. In general, the tensile strain increased with larger overburden in the geogrids in almost all cases. It is seen from Fig. 10 that the maximum of the strain at G1 A (in G1 at A) increased by 9.5% from 0.65% in Case 1 to 0.71% in Case 3. The tensile strain of the cases with overburdens of 1 and 2 kPa was rather similar. This was in good agreement with these surface settlement distributions as shown in Fig. 9 .
For clearer view on the relationship between the tensile strain and the overburden, the maximum tensile strain (G1 A) was plotted against the stress, which is the sum of the CRE weight (4.5 kPa) and overburden, as shown in Fig. 11 . The weight was taken into account in this relationship because it was a factor inducing the tensile strain when the CRE was subjected to the differential settlement. The figure shows that tensile strain increased linearly with increasing overburden. 
(3) Force in tie rods
The forces on the tie rods are shown in Fig. 12 . It shows that the forces only decreased to approximately 1 to 1.5 kN in all cases during the settlement. The decreases are attributed to small shear strain of the dense sand. When the dense sand is sheared at small strain, the volume decreases. Then the forces in the tie rods decreased, resulting in reduction of confining stress on the CRE and subsequent decrease in the stiffness of the CRE. 
Conclusions
A series of laboratory model tests were carried out to investigate the effects of overburden stress on the behavior of confined-reinforced earth (CRE). The following conclusions were obtained from the test results: 1) Surface settlement distribution increased with increasing overburden. 2) Tensile strain was seen that the maximum at the top geogrid and close to a structure (fixed plate). It increases almost linearly with increasing overburden.
3) The forces on the tie rods decreased in general during settlement due to small strain of dense sand. 
